Abstract
Fig. 1. Extracorporeal ultrafiltration of ascitic fluid.
16-gauge intravenous cannula was introduced to the right or left lumbar region of the patient. The cannula was connected with a Y connector, and ascites was drawn at a rate of 100-250 ml/min with a standard haemodialysis pump (AK-10, Gambro AB, Lund, Sweden) and a cuprophane membrane dialyser (PC-150 or 200, Asahi Medical Co. Tokyo, Japan). A single-needle device was used and the rate of ultrafiltration was controlled by changing the transmembrane pressure; 1.9-8.5 litres (mean±SD, 3.94±1.45 litres) of ascitic fluid was removed during 120-255 min of EUA. When fibrin-like materials were recognized in the ascites line, 500-1000 units of heparin was injected in the line. In every procedure, EUA was finished when ascitic fluid could not be drawn into the dialyser smoothly. After the end of every procedure the cannula was removed. IRA was performed with AHF-MA and AHF-UN for ultrafiltration and concentration of ascites respectively (Asahi Medical Co. Tokyo, Japan). Concentrated ascitic fluid was reinjected intravenously approximately 2-3 h after its removal from the abdominal cavity.
Representative cases

Patient 1
A 57-year-old man was diagnosed with hepatic cirrhosis and hepatocellular carcinoma at another hospital, and percutaneous alcohol injection was performed twice at an interval of 1 week. Three weeks later (1) haemorrhage (1) Chill (5) s-TP, serum protein; s-alb, serum albumin; a-TP, ascitic protein; a-alb, ascitic albumin; EUA, extracorporeal ultrafiltration method of ascites; IRA, intravenous reinfusion of ascites after its filtration and concentration; M, male; F, female; HD, haemodialysis.
Extracorporeal ultrafiltration of ascitic fluid: treatment for refractory ascites 2619 massive ascites developed for which IRA was per-injection or per os, without apparent effect, and liver and renal function deteriorated gradually ( Figure 3 ). formed twice. After the IRA, consciousness loss and acute renal failure occurred, and the patient was trans-We discontinued the frusemide, and IRA was performed. Although it was possible to remove 3.4 litres ferred to our hospital. Although the consciousness loss and acute renal failure improved dramatically with of ascites, severe chill appeared after the injection of concentrated ascites. So we chose EUA for the treatinjection of sodium chloride solution alone, massive ascites persisted. A total of 11 sessions of EUA were ment of anasarca. It was then possible to remove a large volume of ascites without any complications, and performed without any complications. The volume of newly generated ascitic fluid decreased gradually, and liver function improved dramatically. After 10 sessions of EUA, the anasarca improved considerably. the ascites finally disappeared.
Patient 2 Patient 4
A 67-year-old man was admitted because of massive A 24-year-old girl was transferred to our hospital because of fulminant recurrence of systemic lupus ascites and leg oedema due to hepatic cirrhosis and chronic renal failure. Initially he was treated erythematosus with acute renal failure. Because of effective treatment with anti-DNA antibody absorption with extracorporeal ultrafiltration method ( ECUM ).
Although the anasarca improved after the initiaton of therapy, double-filtration plasmapheresis, immunosuppressive drugs, methylprednisolone pulse therapy, ECUM, renal and hepatic function deteriorated acutely. So we discontinued ECUM. Three months and oral steroid administration, haemodialysis was discontinued 3 months later. With the increase of urine later anasarca worsened and he was readmitted to our hospital. This time we chose IRA and EUA for volume, nephrotic state and massive ascites appeared. Twelve sessions of EUA were performed. After the treatment of anasarca. With the initiation of IRA and EUA, rapid improvement of the anasarca was improvement of the nephrotic state, de novo production of ascitic fluid was not recognized. In seven of 12 EUA obtained, but new production of ascitic fluid continued and renal function deteriorated gradually, sessions, we could obtain serum protein and albumin levels before and after (next day or 2 days later) which finally requiring haemodialysis. Up to now, 1 day per week haemodialysis and EUA or IRA are performed increased after EUA (4.01±0.20 vs 4.47±0.28 g/dl, P<0.05, 2.31±0.64 vs 2.90±0.15 g/dl, P<0.05 res-simultaneously and 1 day per week haemodialysis alone is performed. We performed nine sessions of pectively). By the injection of 99mTc-human serum albumin (Poolscinti Injectable, Nihon Mediphysics, IRA because of a lack of haemodialysis pumps. In contrast to the fact that chill appeared after four of Nishinomiya, Japan) into the abdominal cavity just after the EUA, absorption of ascitic albumin to the nine sessions of IRA, it did not appear in any of 67 sessions of EUA (Figure 4 ). systemic circulation was demonstrated (Figure 2 ).
Patient 3 Patient 5
A 69-year-old man was admitted to our hospital A 47-year-old man was admitted to our hospital because of severe anasarca and nephrotic state due to because of severe anasarca due to hepatic cirrhosis.
The patient was treated with injection of diuretics and diabetic nephropathy. Frusemide was administered by EUA. Although a total of 31 litres of ascites was filtration rate of ascitic fluid, probably due to obstruction of the membrane pores, was recognized and removed in nine sessions of EUA without complicarequired the use of double dialysers to remove sufficient tions, the patient died of liver failure.
volumes of ascitic fluid.
Patients 6 and 7
Results
Two patients with massive ascites due to carcinomatous peritonitis were treated with EUA. Although there Table 1 shows the results of EUA and IRA. EUA was performed for a total of 122 sessions in patients 1-7. The were no complications of EUA, rapid decrease of the only complication recognized with EUA was severe intra-results imply that although it is possible to remove massive ascites by EUA or IRA, EUA causes far fewer abdominal haemorrhage where the point cannula was introduced. In contrast to the fact that chill appeared in complications than IRA. five of 12 sessions of IRA performed in cases 1, 3 and 4, it did not appear in EUA. Although the details were not known because the event occurred prior to admission to Discussion our hospital, acute renal failure occurred after performing IRA in case 1. In cases 1, 2 and 3, after repeated EUA Refractory ascites develops in patients with diseases such as hepatic cirrhosis, carcinomatous peritonitis, new production of ascitic fluid disappeared finally. These congestive heart failure, or nephrotic syndrome and is concentrated protein was reabsorbed into the systemic circulation, making it possible to exert less influence on difficult to manage in many cases. Although the mechanisms of ascites production are not uniform and not the systemic circulation and blood pressure compared to IRA. The fact that in the present cases, in spite of rapid fully understood, in conditions such as hepatic cirrhosis, ascites is produced by the following mechanisms: removal of ascitic fluid, significant changes in blood pressure were not recognized during the procedure in any (i) portal hypertension, (ii) hypoalbuminaemia and decrease of plasma oncotic pressure, (iii) leakage of of 122 sessions of EUA, supports this assumption. In case 3, liver and renal function deteriorated with the lymphatic fluid into the abdominal cavity due to postsinunoidal congestion of blood and an increase of administration of diuretics, probably due to reduction of the systemic circulating volume induced by increased lymphatic fluid production that then exceeds the capacity of the thoracic duct to return excessive lymphatic urination, and recovered after discontinuance of diuretic administration. In this case, however, severe anasarca fluid to the circulation, and (iv) endogeneous factors which include the renin-aldosterone system [8]. Other was not improved sufficiently by diuretic administration, but was improved dramatically without any complicamechanisms of ascites formation include increased production of ascites from the peritoneum, which is tions by performing repeated EUA. Deterioration of liver and renal function in patients with massive ascites is recognized in patients with carcinomatous peritonitis due to ovarian cancer [9] .
sometimes encountered with continuous venovenous haemofiltration (CVVH ) too. Injection of diuretics and albumin does not always achieve a sufficient effect, and repeated paracentesis
In case 4, ECUM was performed 3 months before EUA and IRA were initiated. Although anasarca may result in hypotension, acute renal failure, hepatic encephalopathy, or emaciation [1, 2] . Although IRA, was improved temporarily by ECUM, this resulted in the deterioration of renal and hepatic function. which was first reported by Britton et al. in 1961 [10] has the advantage of preventing hypoproteinaemia, it Furthermore, after the requirement of haemodialysis, in spite of stable blood pressure during EUA, only has been reported that high fever, gastrointestinal bleeding, or DIC may be induced [3, 4] . Further, a 1 kg of water removal from haemodialysis resulted in the fall of blood pressure. We believe that the removal peritoneovenous shunt was devised by LeVeen et al. in 1974 [11,12] . But in addition to the same complications of fluid from ascites is much more physiological than removal from the systemic circulation, especially in as IRA, this method has the possibility of severe complications, which include obstruction of the shunt nephrotic patients. But this advantage may be guaranteed in the situation of maintained serum oncotic tube, ascitic fluid leakage, or septicaemia [12, 13] . From the fact that the length of survival and the incidence pressure which may be achieved by reabsorption of protein into the systemic circulation by EUA. of complications other than post-operative events are similar between intensive medical management and Henriksen et al. [19] reported that in the condition of hepatic venous hypertension, not only transvascular peritoneovenous shunt [14,15], Bories et al. concluded that peritoneovenous shunt is not a desirable method escape of albumin, but also the return of it from the abdominal cavity to plasma, has to be taken into of treating ascites [14] .
In 1981 Hariprasad et al. reported the new technique, consideraton. In EUA, hepatic venous hypertension may be recognized only at the beginning of the proced-EUA [5], the efficacy of which for the treatment of refractory ascites due to hepatic failure [16 ] , hepato-ure and hepatic venous hypertension is not the major mechanism of reabsorption of albumin. When concenrenal syndrome [17] and congestive heart failure [18] was subsequently reported. We performed EUA in trated albumin is injected into the abdominal cavity continuously during EUA, a dynamic equilibrium of seven patients with massive ascites for a total of 122 sessions and IRA in three of these seven patients for fluid and albumin between plasma and the abdominal cavity occurs, and this is supposed to be the major a total of 12 sessions respectively and the advantages or disadvantages of these methods were compared. mechanism of reabsorption of albumin.
Although it is possible to prevent the decrease of serum Although the details were not known because the event occurred in another hospital, in case 1 just after the oncotic pressure by preparing a peritoneovenous shunt or IRA, as shown by the results of our patients or procedure of IRA, acute renal failure occurred; this is sometimes recognized as a complication of repeated previously reported cases [3, 4] , high fever and DIC are frequently recognized complications. Endotoxin and proparacentesis which removes large volumes of ascites. It is speculated that in the presence of hepatic cirrhosis coagulant material derived from peritoneal cells are reported to be the causative factors of high fever or DIC with massive ascites, the circulating blood volume is reduced and secondary activation of the renin-angio-induced by a peritoneovenous shunt [20] . In spite of the procedure of filtration of ascites, IRA causes the same tensin system is induced. Reduction of intraperitoneal hydrotic pressure by ascitic drainage will temporarily complications as a peritoneovenous shunt. It is specutated that not only the above-mentioned causative factors cause increases in renal blood flow provided that the systemic blood pressure is not reduced, and this change which cannot be excluded completely by filtration, but also some kinds of cytokines, whose production is may be beneficial to the systemic circulation.
By doing EUA, different from IRA which removes reported to increase during haemodialysis by activating monocytes [21,22] may cause these complications. In ascites without any infusion into the abdominal cavity, concentrated protein is administered continuously into EUA, it is possible that by injecting concentrated ascites fluid into the abdominal cavity, these causative factors the abdominal cavity, and as shown in our case 2, possible to obtain an ascitic flow of 100-250 ml/min. 
